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The encephalon is essentially an ectodermal organ, being de-

rived from the epiblast in the developing embryo. Very early,

however, practically as soon as the cerebral vesicle appears and

the hemispheres become differentiated, the ectodermal organ is

surrounded by a mesodermal sheath, from which arise later the

two membranes,-the dura and the pia-arachnoid. This develop-

ment and differentiation can be well followed by examining a

cross-section of the cord region in an early embryonic chick.

As soon as the medullary ridges are formed and begin extending

dorsally, the underlying mesoblast pushes into them, and when

they finally .coalesce to form the neural tube, the latter is com-

pletely surrounded by a mesoblastic layer, shutting it off from its

original connection with the superficial epiblast which goes to the

formation of the integumental structures. This enclosing meso-

blastic sheath is continuous in front with the common mesoblast

which gives rise to the vascular, muscular, and other mesodermal
systems, but becomes narrow as it follows the neural tube dor-

sally, and at the point of closure of the latter presents as a delicate

membrane-like structure. Reference to the accompanying sche-

mata will recall clearly these relations. (Plate VI.)

The innermost portion of this mesoblastic sheath lying adjacent

to the neural tube enters at once into the formation of the rudi-

mentary pia-arachnoid, all of whose constituent elements are

derivatives of a single cell-type, the branching embryonic con-?

nective-tissue cell. Following the law of adaptation by which
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cells, which through accident of position or by reason of inherent

geotropic tendencies come to possess particular relationships, at

once assume more or less specific and characteristic morphologic

if not chemical peculiarities, the earliest differentiation within the

embryonic pia-arachnoid is observed to take place among the

elements of the sheath nearest the neural tube. These assume the

spindle-form and arrange themselves end to end to form the

membrana limitans men.it&gea interna, to which still remain at-

tached the anastomosing processes of adjacent mesoblastic cells.

This embryonic limiting membrane may be regarded as a differ-

entiated product of cell protoplasm,-a katcsbiotic product in

WEIGERT’S sense. In the cells contributing to its formation re-

gressive changes are not infrequently demonstrable.

Very soon the connective-tissue cells of the inner zone of the

mesoblastic sheath are seen to be disposing themselves so as to

form wide round, oval or elongated spaces,-the primitive blood-
channels of the pia-arachnoid, which may soon become so numer-

ous as to form an almost unbroken chain of wide lumina occupy-

ing the inner portion of this membrane, adjacent to the epiblastic

layer of the neural tube or cerebral hemispheres. (Plate VIII.)

These rudimentary blood-channels differ very little from the

remaining cavities in the arachnoid mesh, their boundaries being

merely a little more regular and better defined by reason of more

elements taking part in their formation than is the case with the

arachnoid spaces. (The term arachnoid is here used simply as a

descriptive adjective to indicate the web-like structure of the

mesodermal mesh, and not to designate a separate membrane or

any part particularly of the enclosing mesodermal sheath.) The

rudimentary vessel walls are represented at first by a single layer

of cells, and these maintain all the characteristics of the surround-

ing stroma-cells, with which their processes anastomose freely.

(Plate IX.) As soon as the lurnina are closed, erythrocytes ap-

pear within them, displaying many nucleated forms.

From the chain of dilated lumina running along the inner

boundary of the pia, perpendicular off-shoots soon appear and

penetrate the underlying nervous parenchyma. These vascular

cavities likewise consist of wide channels, whose walls are formed

by a single layer of connective tissue cells, which gradually change

somewhat their character to suit their new environment and func-
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tion, and are henceforth to be known as endothelial cells. Mitoses
are frequent both in the stroma-cells of the pia-arachnoid, and in

the mural elements of the rudimentary vessels.
While these alterations are going on in the inner zone of the

enclosing arachnoidal sheath, changes of a different nature are

taking place in its outer layers; so that very early three lamina

with morphologically distinct characters are differentiated, the

middle one of which alone still presents the primitive features of

the mesoblastic sheath. While lumina are being formed in such

numbers in the inner zone, a few are laid down at irregular

intervals throughout the middle zone, although here by no means

so numerous, while more externally the connective-tissue elements

are assuming elongated forms and crowding together with long

axes parallel, giving rise to a very close mesh with long but ex-

tremely narrow spaces, in contradistinction to the loose irregular

reticulum of the pia-arachnoid. From this external layer comes

the primitive dura, which is soon separated from the pia-arach--

noid by a fairly sharp line of demarkation, and in many places by

a narrow clear zone. (Plate VIII.) Thus the inner portion of the

mesoblastic sheath is early divided into two layers,-an outer one,

which becomes the dura, and is poorly vascularised, and an inner

one, which becomes the richly vascular pia-arachnoid. In the

thickness of the latter, however, no separating line can be drawn

subdividing it into two membranes.

The pia-arachnoid then from a developmental viewpoint, is a

single membrane consisting of a loose reticulum, the trabecuhe of

which are formed by the branching and anastomosing processes

of connective-tissue cells. At the outer and inner borders these

cells tend to arrange themselves horizontally to form limiting

membranes. The blood-vessels, which owe their origin to the

same elements, are situated for the most part, but by no means

exclusively, along the inner border of the membrane.

In places where the space between the dura and pia has not yet

become established, the unity of the elements composing both

membranes is very apparent, and their cell processes anastomose

freely, the elements of both showing characters essentially simi-

lar, those in the external portion which is to become the dura,

appearing merely somewhat more spindle-shaped, while those

within maintain a stellate form. In other places where a cleft
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marks the beginning separation of the two membranes, proto-

plasmic bridges are frequently seen stretching across it. They

are simply persistent anastomoses between processes of cells

lying on either side of the cleft.

A further morphologically distinct cell type in the embryonic

pia, and likewise derived from its composing connective-tissue

elements, is the reticulated cell which occurs in small but vary-

ing numbers in the arachnoidal meshes. This element, absent

from the normal adult brain, is a connective-tissue cell, which has

lost its processes and become migratory. Its nucleus is rOund or

oval, and often somewhat smaller than those of neighboring

stroma cells. The position of the nucleus in the cell body is

always eccentric or more often peripheral. It pos�esses a dis-

tinct nuclear membrane and several coarse endonuclear chromatine

clumps lying in a nuclear reticulum. The cell body may be irregu-

lar in outline, but when lying in a clear space, tends to assume a

spherical forms, its protoplasm is minutely granular, and the entire

cell bzdy is occupied by round or polygonal gossamer-walled

cavities, which vary greatly in size and number. Ten or fifteen

such cavities are usually visible in a section ten micromillimeters

thick. The cell body is as a rule not sharply outlined, and within

its cavities are not infrequently found masses of yellow or yellow-

ish-brown pigment. What part the reticulated cells play in

embryonic tissue beside their function of removing waste material

is not known. They are also found free in the developing choroid

plexus. The occurrence of the reticulated cell in the embryonic

pia is an interesting finding in view of the extreme importance

which attaches to this element in certain pathologic processes in

mature tissue,-particularly those associated with hemorrhage or

other rapidly destructive agencies.

From the foregoing observations, one may for purposes of

description, speak of four cell categories in the embryonic pial

membrane, namely:

(a) Border endothelial cells bounding the membrane within

and without.

(b) Arach’noid cells, the primary type, forming the trabecu-

I� which bound the so-called arachnoid spaces.
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(c) Reticulated cells, the wandering cells of the arachnoid
stroma, disappearing with the maturity of the membrane.

(d) Mural elements building the walls of blood-vessels.

It is always to be borne in mind that these four forms are

originally identicaL

In the early stages of its development, collagenous and elastic

fibers are not found in the pia. In the human embryo of the lat-

ter part of the third month, the beginnings of both could be

demonstrated.

In the developing pia no closed lymph-channels are seen, other

than the intra-adventitial spaces of the later differentiated blood-

vessels.
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Schemata illustrating stages in the formation of the neural tube from
the epiblast, and its enclosure by the mesoblast. Epiblast represented in

black, mesoblast in red, hypoblast in blue.
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Section through the undivided cerebral vesicle in a chick embryo of

the fourth day. The densely-packed single-layered vesicle wall is com-

pletely enclosed by the delicate mesodermal sheath.

[Low-power photoniicrogr�ph.]



r

0� :. ‘A

\t� �

[Low -power pliotom icrograph. 1

THE AMERICAN JOURNAL OF INSANITY, Vol. LXIII, No. 3. PLATE VIII.

)uia -aT�1;I�z

�‘�;; N

ii 1tii1.� I 1. lU

.7

V�ntri,1�)

I

4�4’

Frontal section through cerebral vesicle of a chick at eight days men-
bation. The vesicle has become subdivided 1w the median sulcus into

hemispheres, between which exteIl(lS the pia-arachnoid. The latter has

already split off from the dura over the summits of the hemispheres.
The continuous internal chain of vascular lumina of the pia-arachnoid is

conspicuously seen closely overlying the hemispheres.
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Detail of the inner portion of the pia-arachnoid in an eight-day em-

bryonic chick. The membrana limitans iriterna and the chain of pial

lumina are distinctly shown. In the overlying arachnoid mesh the lumina

are less frequently seen. A large one is completed on the left, and to the

right of this an elongated lumen appears in process of formation.

[Pen and ink drawing. Zeiss � homogen. immers., Oc. I. Tissue fixed

in nitric acid (�%) and hardened in alcohol. Paraffin section at 4 micra.]




